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^ ^ All i wanted to do was talk, / xised to think to myself 
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a day will come whin I will be able to talk. ^ 

-Joseph Deacon 
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0.^ Introduction: 

Computers can be used to, provide a radical improvement in the scope and quality of life 
for a large class of people whose autonomy is seriously diminished, by handicaps such as 
deaf ness, autism or cerebral palsy. 
The key idea is quite simple: 

1. If you ha^e voluntary control of any muscle* there currently exists 
' a device that allows you to operate^an electric typewrit'*; 

2. If you can control a typewriter, you can control a computer. 

3. If you can control a computer, you have a powerful tool for 
communication and access to a vast range of valuable educational, 
vocational and recreational activities. 

This paper focusses on the third step of this idea and grows out of work done^i the. 

Artificial Intelligence Laboratory of Massachusetts Institute of Technology. I grea^^fuUy 

acknowledge the philosophical contributions of Seymour P>i|)ert, director of the<^Logo 

Group at the laboratory. The work depended both on the tecffnol^y^lhat grew out |lf that 

philosophy and on the patience which that philosophy^J>r^ for^ project that wjp often 

viewed as a distraction from the daily work of the Logg.Croup. I am also deeply ihdebted 

» . j- 

to the many Logo suff who helped in the design of the programs, the teaching; and the 

. f ' ' 

documentation: In particular, Ellen Hildreth devoted considerabfey^and effort throughout 
the pilot studies in all phases of the projejrt. Brtjce Edwards handled most^of the hardware 
and system software needs including the 180 rpite emergency trip to make needed 
adjustments. Margaret Minsky, Ron LebeirHertjy Minsky and Jonathan Miller (the latter 
two, high school students) also contribu^ immensely to the project I am also very greatful 
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to the 5taf|f of Thje Crotchcd Mountain Center in Greenfield, New Hampshire - in 
particular ;o Dan Steinberg whose energies kept bringing the Mountain to MI'^: until MIT 
was convinced to go to the mountain, and to Clinton Hilliard and Dr. Thomas Benson 
who had worked behind the scenes all along to support this project. Finally, there is Dr. 
Leo Geoff rion of the University of New Hampshire, who initially introduced me to Dan 
Steinberg and, with Dan, first shifted my attention to cerebral palsied children. Leo has 
also made nulTierous valuable intellectual and editorial contributions to the numberless 
drafts of this paper. 

0JL* The Technology: 

♦ «. " 

The application of electronic technology to aid communication for the severely handicapped 

. • > 

person is not, relative to the technology itself, a new Idea. Such aids have been reported as 

far back as 1957 [LaVoy 1957] and continue sporadically to appear in the literature. tFoulds 

and Gaddis 1975, Kafafian 1973, Luster and Vanderheiden 1974] Yet, despite the 

availability, variety and power of these devices - and despite the age of some of them - 

they are not yet well known or widely used. The most recent text on cerebral palsied 

children catalogued in the Boston Medical Library (pa'rt of the Harvard Library system) — 

a 1974 text and resource book on their^ diagnosis, treatment, and education — makes no 

mention of electronic adaptive^equipmem, biofeedback or computers, despite (he pjpe.^^iK€ of 

an entire chapter devoted to ad^p^ive devices. \QA2LTts 1974] Where computers .»f^ used, their 

use is generally restricted to traditiofial\;omputer aided instruction (CAI) models. There ire 

two reports of educational/therapeutic uses of computers which do not fit ^he^raditional 



CAI model: Colby [1973] and Wier and Emanuel [1976] used the computer to catalyse 
communiaition in an autistic child. Despite the fact that much of Colby*s rationale was 
reported five years ago [Colby 1971], the field still remains essentially unexplored. 
Microprocessors are currently being added to the communication devices of Foulds and 
Vanderheiden, and there were some earlier efforts using computers as communication aids 

— aids rather than teachers - notable among them the work of Eulenberg and Tallman. 

» 

Eulenberg has developed a speech prosthesis for non-vocal persons [Eulenberg 1976] and 
Tallman [Tallman 1976] has reported work pn a computer aided communication system also 
for the non-vocal. ^ . ^ 

92 The PhilosopKy: 

Whii<6 it is certainly the case that cultural lag is at least part of the reason that these devices 
and techniques are neither in wide use nor, for the most part, in good use where they are 
known; it is my i;ontention^ that an even more central problem is that our technological 
>nowhow and philosophical outlooks are out of phase with each other. 

What we try to accomplish — and, perhaps more to the point, what we do not try to 
accomp4ish — in habilitation and education of the handicapped is limited by what tools and 
techniques^we have available and what ultimate success we expect is possible. It is also 
influenced by our view perhaps limited H our "normal" ethnocentrism — of what a 
normal life must include. [Vernon and Makowsky 1969] Thus we may try for goals that are 

0 

W» t 

unrealistic and basically unnecessary, thereby frustrating the handicapped person. At the 
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same time, we may reject goals which sum to ui unattamable. but which could be expected 
with A more appropriate pedagogy or technology*^ It is probably Just as well that I do not at 

the moment recall who it was who itudied the effectiveness of music in improving^ the life 

of the long-term institutionalized mehtal patiently installing a stereo system and measuriog 

the decrease in day-time pants-wetting. I have no doubt that they did, indeed, wet their 

pants less frequently, nor do I question the validity of that observation as a measure of the 

improvements of their lives - not to mention the lives of their attendants. Certainly, one 

cannot question the importance of improving the lives of these people in any way. no 

matter how small. But contrast that research on improved living with the unfortunately 

less common view of Alan J. White, director of Project SEARCH. [HEW 1976] 

[Connecticut] has lo>tg^ had good programs to develop high creative 
potential amol^g schoolchildren where it was found to exist, but only 
in the last year has a serious effort been made to look for these 
talents among children who have learning disabilities or emotional 
disturbances, or who are so crippled or palsied they cannot work or 
talk or hold a pencil to paper 

By extensive and innovative t.esting, it was found that 12 percent of 
the handicapped children who were studied were gifted, roughly 
^ three times as many as in the general school popvilation.... 

V ■■ V 

The*first surprise. ..was that two-thirds of toe handicapped 
children. ..were capable of being tested. They had expected to be 
able to test tL quarter of them at most. *This group has exceptional 
potential for growth and training and creative activity in the arts," 
Mr. White said. He suspected that families and teachers looked too 
seldom for the creative spark that might be there, because they spent 
all their agony and attentibn on the child's handicap. They look 
for the defects and try to bring these up to strength," Mr. White 
said. "When a child doei have a strength, the parents turn away * 
from it and say, 'Thank goodness we don't have to do anything 
about that/ My feeling is we should be building on those strengths." 
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If MoutfC had had a s«vert speech delect that was given more attention than \m piano 
playing, we would never have heard of him! And how vast a segment of our population 
would be ineducable and unemployable and. no doubt, would seem intellectually and 
socially retarded if we. living in our current and complex society, were to lack the 
technology needed to create eyc^l^isses? ^ 

» ■ . ■/ . 

When we iise the term "special needv ia reference to handicapped children, the hope is to 
convey an image of capability despite a dependency on some specia User vices/ But we 
frequently forget that it is the services and not their needs that are special. They begin 
with the same needs that anyone. else has, but remain needy betause we are emotionally or 
socially or technologically unready to m«t those needs. One purpose of this paper will be 
to present an image of how a powerful computer technology can replace (or make 
unnecessary) some of the functions lost by a handicapped child and thus enrich and 
enhance his life. Several -significant changes in current practice in special education are 
required; the technology ^makes such change both possible and promising. Specific 
exampfes from early pilot studies will illustrate these proflfiises. 

8 J The Psychology: , 

These experiences are. in themselves, a source of new and ^yiluatkle daia^about, 
developmental processes. Much of current cognitive psychological theory is dominated by^ 
notions that passive observation of our environment is ipsuff icient^or learning, whether 
that learning is at the perceptual organizational level or wheth^er it in^volves the so called 
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higher cognitive processes Indeed, serious problems are posed for this kind of theory when 

r 

a severely physically handicapped person 'who has never passed normally through the 
sensory^motor stige of development ii able after a few minutes time to match m style and 
detail the typical performance of a bright able-bodied fifth grader on a drawing task, that' 
requires considerable sensitivity to angle and dimension. If we are to understand Piagec 
properly, wc must conclude that there is no such thing as the "passive" receipt of input 
from the environment. The perceiver (not receiver) ^is constantly selecting processing and 
interpreting t|ie stimuli, even if he li severely physically handicapped, and this Is clearly a. 
v^ry active partKipation Such >ias been our experience with a cerebral palsied adolescent, 
Jay» who has never had any useful functioning of his hands or arms (they are. ip fadt. 
strapped down tb pVo(fct them and keep them out of his way), any use of his legs at all. or 
any speech. This observation becomes even more exciting when contrasted with the fact 
that Jay was for the first time demqnsrrating a high level of analytic and spacial ability 
and that he had been seen as retarded by several of the people who worled with him.^ 

After' only :hree days in the Logo environment. Jays achievements were already enough to 
rnake a d^/ference to his life hot only because his own image of himself as a learner had 
improved through a uniquely stimulating intelleftiMl experience but because those who cake 
care of him had seen a new dimension of his fnind. Moreover, this fast and dramatic 
>ffect lyis by no means been limited to a few of thf children with whom I worked. Having 
access to a powerful technology which one can control oneself and with which one ^n 
experim>nt and get direct and immediate feedback creates such a strikirYg^ch^j>f^^ these 
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chlldrtn'i s#nM of lutonomy that it u ilmoit not iMrprUing thit thty typically per/orm 

"miraclei" In their first few minutes working with the computer An agtiitic adolescent 

obi«rv6d to b« mute and awumed to bt deaf would spltk hu first words to the robot turtle. 

and child afiejr child auumed to be menully retarded would show clear evidence of normal 

or better Intellectual ability These surprises give important lessons, in the handling of the 

severely handicapped individual and raise hard questions about currently accepted theory 

as well as clinical practice. I cannot hope to answer most of these questions here, but feel it 

essential that the evidence l?e presented so that these questions, which had previously been 

f 

considered somewhat settled, can be oper.ed up once again, 

e.4 Th« Mon<y: . 
lt1$ e$tlmited that about 100,000 victims of cerebral paliy are u^iable to conimunicate 



vocally as a result of their condition, and nearly 300.000 arc ur>able to write. (These ^ 
estimates do not include individuals who have cerj(ral language impairments due. 
example, to severe retardation, but Include^only those whose communication i$ limited aY the 
motor >vel) The technology requfred to ameliorate this comSmlcation handicap iS all 
currently existing at least at the prototyj)* level. None of it depends on designs or devices 
that could not be available within a matter of months. The human payoffs are, therefore. 

quite realistic Furthernwre, the expectable alternative for most of the severely physically 

■ > '. 

'- ■ . , ' ' ' ■ 

handicapped individuals is a life of toa I support from governmental and private agendev 
This cost, during Khooling prior to age 21 is not uncommonly as high as 120.000 per year. 
After the age of majority the cost may go down, but with an expectably drastic cut in 

n 
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scrvuev is well Kiiinutes ol liffttinm .Mjpfxitr f oi; .ui Untitillitonalurtl.Motally duililrd 
perion range upwards from l!)0(U)00 No inatter' hf)w greatly we irppro^^e the educational 
and recreational aspects of the handicapped person's life, we are still only providing 
bandaids umil we can solve the enormojsly tragicfeeling of uielessnesv A life vegetating 
expensively, even with stereo, just cannot compare with 4 self -supporting life of p^'ionally 
meaningful .ind satisfying activity Jobi exist which depend more on the manipulation of 
inforrnation ]han on the manipulation of things, and which a're therefore, in principle, 
accessible even to the most severely physically handicapped persons. Such jobs as editing, 
computer programrDing. reading specimens in a pathology lab and interpreting results or 
coding information from a slide for a computer.'and being a reference librarian all require 
sensitivity, thought and personal expertise, but are not ^as dependent on the^speed of the 
worker's output as they are on the competence of. the worker's judgments. Radical: 
experiments in work environment design must be attempted. ; ! 

\ 

e.i The Coals of This Paper: 

The tremendous potential far revolutionizing evaluation and education fOr the 
handicapped has already been realized on a tiny scale in brief preliminary ^ud(*s. and the. 
imj MCts extend to the economics and sociology of handicaps as -well as to develaprriental and 
cognitive psychology Mdst important 1$ the realfstiC promise of dfgnity and fulfillment to 
lives that are now crushed and w^isted. • * ^ 



Kfy ultimiite intention is to presenf^a picture of a technological and- social erivironmen( 

within whith such vast improvements ,in^^e qu^ity of lijPe of a handicaf^f^ indivMual 

can bie realized* that«w^ can begin seeirf^ I^^Jife as" normal In (his paper, I will begin that 

* • , » ' > ' ^' * ■ • ■ f " ' . * 

job^ by reporting on ou( current experiences lit pilot studies and wiU describe the 

ec^icatlonal spirit witiiin tMhich these studies, wiere perforniraK The irriplicationsfpr clii;ucal 

practi^ cognitive theory and evaluation of poten|iai should be cliear and I will suggest 

some of the future research that seems needed. ' ' / ^ ^ 

Normal Needs and Special Needs: ? 

■ " - . ' • ^ ■ ^ - ■ ■ • . -■ ,. '.. ^ • • . ' ^ ■ ' 

IJ. Normal Needs: ^ * \- 

Ul A Budding Mozirt: * 4| ' ^ 

Whatever it^eans to say that a person has the "potential" to be a musical composer, it is 

■ ■ ■ ■ 

certainly clear that the person 'i mind needs opportunities not only for stimulation and 
activity, but ioxfetdback from its aqtivity in order to develop. Musical ideas that reside in 
tha^t mind must be examined, refln^ and extended if they are to give birth or give way co 
new musical ideas. Think now! The assumption that a person has a musical mind i^^jiever 
,made a prfprt. We always get some eviden^of iL Perhaps it is first seen in the baby's 
dance, or perhaps in the child's faithful^ng. Sometimes it mu^t await a rtiore 
sophisticated CQinmunication. We do not su^^t someone of^a talent for composing unless 
he already has the performance ability to show it. And when the talent is discovered, the 
ui^ual course of iu development includes a protracted period of skills acquisition. Some 
expert^music teachers incorporate composition experiences early in a child's musical 



cjlijcation but performance skills r^emain the basics/ without wRkh there can be no feedback. 

During this time,^as every young nmsiciany4CTibws, ope sjpenXsjjast ^jnit 4n^ effc^rt 
* preparing to play^real music, kss lime actuaj^ly playiijg afiy, -and liitlevor no tkne 
^ composing! Thus, we don't ^ and more tp the point, neither doef the bonding Mozart — 

. , ■ ■■ ' ^ r \ 

find out anything about the stud^t's Talents .at c:omposifig music until ratherjate in his 
training. Such extensive preparation before Ij^efng certain of one's iriteresu can be a bad 
business iiprestmenL Some former children are thankful rttat their parents forced them 
through tliis stage. Others are noL ' ' ' • ' y ^ 




112 A Budding Anybody: < 
As 'a teacher; I want to help my students develdp their^latonomy. Fam acutely aware that 
this'^oaris not achieved merely by offering them choices and opliqns. Unless the child can 
OCX on the choices and unless the choices have signi/icantly different consequences, merely 
^having the choices cannot be meartingful. The pi:obI_em is that thereyre .sp many options 
' Which a stven year bid mipd is capable of inventing, wanting and even uhderst^ing but 
which the sevei^ year old bpdy is totally Ainready for. Others opUons are p rev en ted^ because 
pf educational or experiential limita:ions. Examples ^abound. ^Qrve child wants to 
experiment with music. He Is unable to do so wjtbout m^ltal skills. Another chj^d is 
interested in planets and planetary orb'iu, but lacks the mathematical skills for looking 
abstractly at time and motion and lacks both physical skills and equipment to do much 
"playing" with the subject matter - other than copying from-books. He is qjuch more 
handicapped in what he can do than in what he can tjiink about doing. A third child 
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understands the principle behind a,n animated cartoon and has a clever "flip-book" cartoon 



idea living in* his head, b^t doesn't have the patience io rn^ke hundreds of nearly identic! \I 
dra.wings or the skill to make drawings jihat please hjp>>'ajnid do^stice to the original ideW^ 
\^ Many children (my former second graders, for exarfiple) ^r^ interested in ahatomy, but arc 




suaily limbed just to looking at pictured in a book because^f die danger and difficulty of 
)rming anlatoif^ical experiments such as djsSecpions. Th^ it is not only musical 
^ creai^ityji biit all active work which is put off by see/ningly interminable preparation and 



exercises. 



The point,^bf course, isiiot.to ignore^kills acquisition; but\tp Stimulate curiosity and 
intellectual growth knd love for learning by protidir\g exciting applications of these skills 
as they, are aqquiijed rather than waiting for a large number of skills before applying an^. . 
As^hools attempt t&Jjncorporate some "casual learhing" envlrbnajents (e.g^ outdoors play, *^ 
museums, piHet^ding, zoos, parents' workplaces^. movies, g^me^, eating^and matching TV)\ % 
into their programs, cmldren have more opportunities jo mold their owri activities and can 
thus stay closer to the' frontiers of their own development^ butl^i<ii?re^.^^ Kjfi[l^vast areas of V 
potential in^lv^eht in which the child is generally, at best, just a spectator. 
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iJl The Computer) Meipti^g Normal Needs Three Metap^rs: * 

The Computer as Entertaineh ^ ' 

It is a common Observation that computer programmers who haveliccess to their ^aqhlnes 

af^pr. hours will often spend those extra hour* - even after a full day's work^— t^ch\ng:the 

• • . ■ . ■ , * r ^ 

machine "tricks." They will teach it how to play tic-tacrtoe or to simulate a rocket ffi'at the 

user is trying to 4and ott the moon. They will teach it to play some friendly joke qn a 

Coworker, or to print Snoopy pictures on the line-printer. And they bring their children 

to play with the marvelous toy. It is remarkable that this'kind of playful and creative over 



Itime is put 'in by p/ogr^immers almost regardless of how-Byich/6r how little they otherwise 
' '■ " - ■ ' -.^^ ' ' ■ 

like their jbb^;. WhaL js it about tHSs toy that is io engaging? Perhaps "it is the power to 
mSikc it do one's bidding. Perhaps it is the opportunity to be involvccl Jn an otherwise/ 
Inaccessible activity, such as landing a rocket dn the moon. Perhaps^t is the access to • 
artistic creativity without having Jto heve the artist's hands. Perhaps If is the challenge of 
solving tic-tac-toe s6,^oroughly thaV.<)ne can create -an infatHible playmate. Perhaps it is i 
just the spirit of programming, one which regard^ non-wqrking programs not as failures, 



but as'^unfinished products, things which can be fixed. . \l ' 

" ' . ■ ■. * 

1^52 The Computer as Assistant: ^ : 

\\ ' ' .'J ^ ' - ■ 

The problems of the budding anybody se^m hot^to exist during th^omputer programmer's ^ |^ 

game time. How can we put the power and opportunity knd creative freedom and 

.r-^Kallenge and spirit of computer programming in the hands of a young child? To avoid 

^ ■ . ' . r ; ' . 

pinning it all on/another protracted skills^Jicqulsition period, we must first develop a 
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powerful computer language which a young child carf easily learn. We must also corrsider * 
how tljf compOter should res()Ond back fp the child. If it can only print to the child, "^i x 

— ■' • ; ' ' ; : . ... * 

^child who^does not ?n Joy reading is: restricted in what he can do. But suppose the 

V ;.. 

computer can atso control a robot. The child can te^ch that robot how to wander about on • , 
the floor making a drawing of its path, or run an obstacle course* or Knock over a tower of -^^^ 
blocks or escape from a maze. Suppo^ the computer has a high-resolution graphics display 

/ ' . , 4 ' ■ , 

and high-speed animation capabilities/^ Then it can make drawings on a TV scr^ea at the 
chU^*s instruction. By teaching the com'pujter how to make ;he right drawings and when 
and^ where to display them on the TV screen, the child can create original animated 
xartoons: If the' conripMter can. also generate musical tones, the child can instruct th^ 
co(nputer to- accompany his cartoon' with music or sound effects he composed. He can 
narrate the^^^e with printed text which captions the cartoon at th^ appropriate >times. ^ 
X With tfie appro^^te equipmentxhe can even use cojjjjiputer generated speech, all of his own ' ^ 

design;- The possibilities for the development of seijP^jcpr^ssion are vas^^j^reov^r, even " 

*" /"^^^^ ^ ^^^^ fi 

the non-reading child can communicate with the computer, perhaps by spesrking his 

v-v • ^ \ ^ ' . - ' • . 

commiindi directly ta the computer, or by pressing buttons coded with pictures. The 

^ compu ter. can speak W messages baclc to th<^ " ' 

' ' * ■ "\ ^ ■ ■ .. 

Dttoigning and developing such a computer environment for normal school-age children 
has been one of the principle goals of the Logo Croup at M.IT. for the last sev«;al y^ears. . ^ 
^nd considerable experience wiiM y^rioty of children from local public elementary Schools 
has shown us that the enthusiasm and creativity that we anticipated can, indeed^ be ^ 

: ' „ ■ ■• 17, . . ^ ... . ; 
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expected. 

lJi3 The Computer as Animated Scratehpad: <- y 
In, section l.ui I suggested that a mind cannot develop in the total absence of feedback. - 
There are also'times when we get enough feedback to do a job well, but remain unaware of 
how much better we could do if tlie cost of that feedback were not so great. Consider 
creative or expository writing. We are accustomed to improving our composition over the 
course of a few discrete drafts. Every revision, even of spelling, requires a whole new draft 
with all of .the retyping involved. Thus, student writers often find it more rewarding not to 
review their work than to try foir a. better grade. Heroic efforts (spending more than the 
usual tiit\e patiently rewriting an idea) are unusual and so the "talented* writers are those 
who can produce a satisfying result on the first or second draft. A computer which « 

constantly displays the "current draft" on a TV screen and allows one to delete or add a 

* ^ ■ ■ ■, ■ >. . * . 

paragraph in the middle or change the order of a few paragraphs or elirninate or switch 

r . . ^ ' ' - ' 

words here and there with no^fetyping would make it possible to go through more of what 

•"' ■ . ^ ' • 

we currently call "drafts" without the tedium and effort. Perhaps a child (or adult) who 
could'not produce a beautifully wHtten composition in three drafts\ould do it in twenty. If 
the twenty took less time to do than two drafts normally take, we would see far greater 
motivation to improve written work, and probably many more literate writers. In the same 
way, it may be that the scarcity of great musical cqmposers is not because too few people 
have Ulented minds, but because too few have talented fingers. 
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12 Special Needs: 

An adequate technology thus reduces the normal child's learning handicaps. The same 
computer environment is easily tailored to the physically handicapped user. Even though 
there is still room for clever work to fine better methods of doing this, all of the really basic 
problemV^ofjTiaking it possible for a severely physically handicapped noA-vocal person to 
cbntrol a computer have already been solved by ailumbfer of other researchers [Luster and 
Vanderheidert 1974]^ It is certainly not obvious that such a child need be any rnor# 
handicapped at musical composition or architectural design than you or I once the pToblem 
oroutput and feedback is eliminated. * 



The deaf child's communication handicap slows down both input and feedback i^ English. 
Amon^ those children fortunate enough to have been educated with ^sign language, the 
majority did not have it introduced to them as early as the hearing child's sharjfd language 
began. Thus, even with sign language, we are handicapped in our ability to transmit to Che 
child as complex an idea as he is capable of producing and manipulating in his head. But 
we can provide such a child with a computer environment in which the linguistic 



complex^i^es are greatly reduced. The 



child can then begin to generate his own 



intellectually exciting and challenging probllems ai*l can thus ^j^xplore at his cognitive and 
edueationai frontiers without o^wayj having to mediate that experience through his weakest 



eouea! 



hnk. Some preliminary observations suggest that the deaf chUfl may have special abilities 
in certain kinds of spatial thinking. It is instructive to real^e that his sign language has 
accustomed him to carving^me^^Hg out of space and has not so strictly constrained him to 
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linearity as English does. Thus, in this area, his "handicap" Is certainly irrelevant and nri^y 
actually t^e an asset The concern is to begin seeing what the child is especially capable o(» - 
rather than focussing on what he is incapable of doing. " > ^ 



The notion of a prosthetic device-seems, at first, less ajit when apj)lied to the.au tist^c child, 
but i^ecall the above examples. Although the deaf child can deal with verbally mediated 
\, - situations, he is certainly not at his best using that mediurp. The physically handicappiKi 
child. iTat a disadvantage when he must mediate interaction with the world through 
coordinated, motor activity. In each case we bypass or ignore the weak communication 
n^odality and see very fast and exciting changes in the child. Similarly, the autistic child is 
not at his best when his contact with the world has to be mediated through people. 
Topular therapeutic practice attempts to force the: child to make eye*contact and work 
through people more and more, but as an initial goal this may be as counter-productive and 
.ego*demolishing as strict oralism often is to the profoundly arid preverbally deaf child. A 
reasonable conjecture, and one for which good evidence is being found, is that the autistic 
child's best route back to the world of people may be through having the machine-world 
that he needs at first. Simple machines like phonographs and small mechanical toys are 



often very attractive to. the autistic child, bmthey seldom offer rich enough possibilities to 



)lfth 

expand the child's Worlds At tKe very least, learning how to communicate with a computer 
teaches that communication works. Our recent experiences^ and others [Colby 1973, Wier 
and Emanuel 1976] show that the computer experience can bridge /he gap to human 
communication and catalyze spontaneous communicative efi^orts. 



•A 

•» 
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For the autistic oK^deaf orxerebral palsied child, whose autonomy is even^more limited than 
the public school child's, the computer provides a tool for creative activity: Because lu 

enables these special children to affect and control their world, and because it is a tool with « 

* . ■ . ■ 

wlfiich they can become proficient and show off their creativity, it offers them a powerful 
chan^ to develop their own feelings of self >brth, to sec themselves Jks leirniers and doc»rs. 
For us it provides a window,, perhapVour only clear window, into the child's mind. And, as 
it enables us to see rnore clearly into Ijis thinking and crating, it serves the;^urpose not 
only of diagnosing, but of deeply understanding and working with the child. , 



X»4 Disordered Communication: 

.3 



onny^ is a briglu, friendly 14-year-old with athetoid cerebral palsy. \, 
His speech is la|fored bu: usually underst^ooable. His arm and 
hand control is Insufficient for all but/tfie most gross movemients. 
He talks comfortably of his ^abilities a/n^^ ' 
sensitive to those of his sch\)olmatesV("pa you know Ja He's even 
mqre spastic than lam!"). Often /s vye/worked together*, he Vould 
make a suggestion .about v^wtio bijmd^ or arrange a device for 
. another child. He is parricula^y^terested in designing aids for 
^cerebral palsied people>v He a^ntrols his own electric wheelchair, but 
^he would prefe^ a non-e^trlc one ("I donVget enough exercise with 
^an electric vyhieekhairT^ 

have proved impracijfcal for him.^but he has invented one that he 
% feels would be auite ^uitable. Akhough he can imagine the design ■ 
of the chair, he cannot draw it. ^^ust give me a week with someone 
^ who will draw foKme and I will tell him exactly what to draw." 

Expressive communication is not limited to verbal or written behavior. We give travel 

directions with our hands, hum parts of iJunes, and draw pictures and maps to help make 

r ^ \ 

our words clearer. When we speak, weVely so heavily or) our facial expressions, verbal 
pauses and vocal Inflections, that direct iranscriptioris of casually spoken messages are often 

■ 21 
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extremely difficult to. comprehend. Our written language is full of punctuation, 
underliliings and foi^m&l wordings in an attempt to replace the inforn\ation that we 
'noFmaUy convey without words.* But not even body language and gesture complete the 



[picture. We communicate with our envlranmint, too, and do so by acting upon it. Qftcn 
these actions serve important interpersonal cofttmui^ication purposes. Without at least some 
volufitary motor control, th^yre can be no communication.^ Without fully intact motor 
coordination ai!nd volitional movement, some expressive communications will be impaired. 



We regard serious abnbrnnalities in sensation, perception, cognition, or motor coniVol as 
handicaps in themselves. To the extent that they restrict bur communication, they give rise^ 
to^se^fidary handicaps. It is artificial to discuss thes/ effects as if they were sepa^rate and 
distinct, but there can'be no doubt that the impact of the communication breakdown on a 
person's quality of life is very grave, indeed. When the infornfation we receive from ^ 
source is incomplete, unclear, ambiguous or contradictory, oiijr^ comprehension of our 
situation suffers and our responses become inadequate or inappropriate^ further breaking 
down the communication loop. 



V The expressive and 'receptiVe aspects of communication keep each other in tune. Although 
we ^ust raise serious questions about the theories which suggest tliat all learning requires 
active participation there can be little doubt about the advantages that a copriplete feedback' 
loop from active involvement has over "p^^sslvc" information \(n/>iif from the cnvironment 
Any sensory, ^^ceptual, cognitive, emotional or motor handicap alters or reduces the 



feedback loop. * 

From this point of view, the special needs of children rnciy be eVeo more striking than we 
had supposed. In the same way that we are handicapped in, our ability.to experiment with 
music, a child whose probleihs in motor control prevent him from talking, writihg or typing 
is handicapped} in his ability to experiment with language. If the developmfint of our 
musical imagination and creativity depends on its use and, in particufar, our feedback from \ 
its use, we &n see how iSfeyas^ting the lack of linguistic feedback may^be to a child; 
Mental development in general suffers functional retardation w^en a persbn can never tiy 
out his ideas and get feedback from the trials. ' ^/S- : - ,2 / ^ 

■ • T . ^ 

2. A Brief Philosophy of Computer Use with Handicapped Children: 

II Patchinf the/Child vs. Patching the Environment: 

III Patching the Child: ^ . 

When we lacked the technology to adapt an environment to a child, then we were forced to 
focus only on adapting the <:hild to his environment. Thus, when hearing could not be 
restored to a deaf child by medical or electronic. means, the prirpary goal became speecli\and 
speech-reading, the mo^r apparently ncrmal communication channels available. When a 
child's motor control was poor, then the primary goal, sometimes despite considercible pain 
to ourselves and the child, was t^ improve it. But desp^te^^b^/worthiness of good speech 
and motor control as ends in themselves, they are for most of us simply means to the real 
goal, a full and rich and^atisfying life: The effort a <^ild must put out to improve a ' 




physical skill is generally extremely hard to motivate unless the child can sec some clear sign 
that the effort will pay of|. An emphasis on patching the child is beneficial only as long as. 
It is pursued with enough patience not to cause more frustration than growth and, niore 
importantly, as long as some interim way for the child to regain and develop hi> autonomy 
is fostered — and, of course, qnly so long as real improvement is regularly seen. 



2JL2 Patching the Environment: 

John Eulenbprg [Eulenberg 1976>ref erred io^jsl handicap as a "sociological and technologial 
artifact." 



It is a sociological artifact to the extent that we see a person with glasses as normal, but a 

/' . ' ■ 

person with a^ hearing aid as handicapped. In our efforts to pursue the normal, routes to 

education and grow^we may.overlook aids, that are already availably. An electric 

^tbothbrush may be a luxury for a normal person, but for Lisa, who cannot open her mouth 

much and cannot hold it open reliably, it is an- essential tool for dental hygiene. Yet no 

child on Lisa's ward owns one and no hospital or governmental regulation seems to 

mandate such purchases. The technology exists, but is not being used. Furthermore, those 

adaptations that make life more convenient for a handicapped individual are often not as 

readily accepted as aids for normal persons. Even the benificiaries sometimes come to 

regard special adaptattons as second besc.^ The cosmetics of an aid for normal people"-- let 

iis say a remote control switch for the TV - would never be ignored by the manufacturer, 

^ ' . - ^ ■ ■ ' " . a:.." ' 

but similar consideration for the attractiveness of a device and the dignity of Its user is not 



so universal in the design of aids for people identified as handicapped. A speech 
pathologist telb of his experience with two kinds of wheelchairs When he travels about jn 
his standard wheelchair and children look at him, their mothers would say *Don*t look at 

that man; he's sick" When he travels on his bright yellow sleek electric motorized "golf- 

• ^ ' • • • ' 7 

cart wheelchair and children look at hin, their mothers even encourage the curiosity. 

The handicap is 1 technological artifact as well. We are quite skilled at making aids to 
correct iev^rely defective vision^ Classes are small, inexpensive, unobtrusive, attractive, 
portable and -el^fettive. "Many people who wear glasses would be "lost without them" and 
utterly barred from the ediicationa)^ vocational and recreational lives they now lead. We 
are not so skilled at making aids to correct even moderately defective hearing. Some 
hearin^^mpaired individuals are able to use an amplified telephone perfectly well without 
their heartng-aids, but cannot, even v^ith the aids, understand relatively loud speech in 
daily p^rson-to-person conversations without depending on lip-reading, gesture or heavy 
contextual cues. The\hea/ing-aid technology is leaving needs upmet. Communication aids 
for the severely physically handicapped are at an even more primitive level* A rather large 
variety of devices currently exist, most of which require either that the handicapped person 
point to letters, words Or phrases that are pYinted on a lap-board or select (without tt^ need 
for pointing) from letters, words or phrases that cycle by on some sort of display. Success^ 
with these devices, despite culpability to personalize them considerably, still depends on the 
physical capabilities, motivation and langugige level of the user. But even success with this 
medium of communication generally provides text-production capability only and is 
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therefore far from optimal - 

'2J1 Three Ways Computers can be Used in Education: 

* • - ' * " ' 

221 The Computer as Tutor: 

Perhipi the most common nbn-boolckeeping use of the computer in education is as a 
private tutor. A program' is designed by teachers and programmers to lead a child 
through a sequence of steps to learn some desired behavior. Akhough the child may be an 
active member of the chiid-<;omputer tca/h. it is the child who is being programmed. The 
Interaction is guided by the computer which generally ipit-iates all of the transactions (poses 
a problem, asks a question, gives an inst.'^ction)and chooses its next course of action based 
on the'^hild*s response to the last one. P^ponents of this use of the computer argue that 
the compurer. unlike a person, is reliably patient, able to keep detailed and^flawlcss records, 
and able to juggle^^teose records to choose^^^e smoothest path for the stuBent's learning 
' based on his past and current performance. Thi* "se of the computer might be called the 
Hospital Model of educational intervention. Within the Hospital Model, sjudems are 

teued, screened and diagnosed. Weakncises artrdentified and programs of remediatton.are 

' , ' * ' - . 

prescribed. This model is prevalent even in settings where the most imrpediatelj^ Visi^^ble 
and preemptive characteristic of the children is not some severe handicap. - ; ■ 

^ Serious risks attend this model. Though perhaps practical W certain academic skill goals, 
computerized programmed learning streamlines an aspect of teaching which properly 
constitutes only a tiny fraction of the business in which students and teacher$ o^ght to be' 

2() ^ 
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• , erigagcd. Moreover, it awumesyi' />rior/. that the child is not the agent, but the patient. 

• Thus, whenever our goal for a child is to build his^utonomy and initiative, the model is 
counterproductive. At the best,j)rogress toyafdautonomy is superficial; at the worst, it is 

/ ' ^ ' ' . . ^> \ 

/ undermined altogether.' For the handicapped person, Ae Hospital ModeP is a superfluous 



reminder of his own disabilities. 



2^2 T4i€ Computer as Eyeclass€is: 

-Unlike a tutor, eyegla^ have^nd^agendlTfor the wearer. They^contaifcrflp Information for 



>4 




the^^earer to learri^^^^^ they don^t txy to teachJ. Yet they. allw the wearer to do things that . 

^' *■ ' ' '■ y J' ' ^' • ^ ' • : - ' ■/ - - 

ivould otherwise be^ifficult, perhaps'iihpossible. The computer allows a child to make an 
^anim^ed o^?tooi^ without reqljiring that he have the drawing skiW in his'Tynds; t6 \ 
^ exp^runem witli musicaWideas without requiring that he first gain competency at an 
IrhtrumenL The. cornputer ejftends ahd amplifies the abilities of the person with normal 
nee^ Again, one sees the same (and mor:f} vast possibilities for p^ple wKb hpve special 
needs. . / 



Thf important distinction between the tutor metaphor and the eyeglasses metaphor is the 

shifjt of.emphasts from programming oneself , to^ Tearhiftg how to influence one*s 

^ ^ ■ ■ ' ^" , ^ ^ 

surroundings - from focussing inward, to focussing outward. 
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Goldehbery: 



, ( 



2^3- The Computer as Mirror: ' 

A device which can sense extremely .slight varjttions ia.an^act we perlorlrn and can be 
- prpgrammed t(^^ecogni?e the fine distinctioi^ IjetWeen relevant and irrelevant variations ^v; 
can be used to provide very sensitive feedback On 6ist performance^^ |For,^examflpe, a 



■V* 



» Machine -which draws distinctly diffefenrpicturer ^fependihg on OjSfS^ pVbnunciati<^n of a - . 
voWel can give more accurate feedback than -our untriinea<or deaf) ear can arjd thus is , 
'ul to ^ide us to cfl5"rect pronunciation. [Nickerson and Stevens f973/J5*5cker$onv 
ikaw and Stevens 1976] A device capable of idVnWy^ 



usefi 
Kalikaw 



Have been able- to mviitVr the krength br^tbardirMtdn^^^^^^ radfVeraerMP^ 
feU us whW^^^^^ wUl be easier to consider t|*^ 



2ipXi\ic^iori^^^^^ I describe them in relation to a-particular^hilci^ 

,w}io mlgHc benefit Trom them. \ - 

Lisa is a 13 year old spastic cerebra^l palsied girl whose size and 
physicai development make her appear about 9. Fferl voluntary 
^bVen^ent (arms, legs and mouth) is extremely "restricted in speed. 
' range, accuVacy and strength. S'he^carinot sit herself up^ci bed, . 
dress, feed herself , or coritrol* her whe'elchaiiC^^e has a refl^ 
grasp, but for practical use, she cannot grasp or hold anything. Oip 
occasion, she speaks, but seldom ptoduces more than a hi^h squeek. 
; She has signs -f or "ye^" and "no," and slowly ind with great effort, 
she can point to words on her worjji board. AVithin the limitations 
V of her ability to respond, Lisa shows that the can read, spelt- 
. (includirif reasonable spelling for fiew words), arrange words in 
graimmatical order and understsgid spoken langilage. Despite some 
'^e^y diagnoses as mentally retarded, a recent 'dp^tor's report begins 
/with the words "This brightlittle girl,"iind fjgtost school and noedical 
evaluations now agree that she may be.quite'brigljt.* ^ 

.* . - ■ • y ' ^ ^ ■ 

• Lisa's physitaf abilities/ va^y C9nsfc<ierabl)s f roni/day to day with 
Y ' moti^vation apparentl^i a key -fact Jr.* This is perhaps not y>ry. 
• surprising when we consider thc'payoffs Lis^ receives for her 
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efforts. The mark of real autonomy depends on what options are 
open to one. ForU child whose movements are iuncoordinited but 
stronger than LiiaY ihow^ Independence by do^ 

♦~ possible wit h&ut Mp^ miffi^ m t^^ 

v Llsa. howeyer, there is* no Jndependrince^O;^ There is nothing 
of real salience in her life that she can-do Completely alone, so all of- 
^•-X ' ' her effortsV^nly serve to help the person she is depen'dent on. Thus, 

;* the greatest show /of her autonomy, parado?^lly, is to do than 

( she is capabie of.UD withhold the help that she can give, to use her 
^ i ; e own dependency tV control, others. The discrepancies between her 

Vj^ best performances and her. typical per^prmance ar^ great. .Some 

^ : I* ^ people make generous allowances, but others- s?iy shells obstinate and. 

^ * lazy or evfen a c^iberale cpn artist. The interpretations vary, but 

^ > the observations are tfie same; she seems unmotivated and does less 

< / than she app^rs Capable of. - 

Ih order |p give LisaVapprdpriate care. We must consider both her 
; physical jTbilities and Wr /psyeholcigical state, ^her motivation! In 

\ school she appears not to use her word-board unless coercedr into it. 

But, being the first to respond to a question asked in class is not a 
driving lif e iisue for her. The major problem that she^faces is that 
if people lef^her, sh<^could not Irve at ajl. For Lisa, "making a„ 
living^ consistknot of academics, but of keeping around pBbple^wh'o 
/ have taken phy^cal care of her and whom s\\e Jfi^ies. Pointing to 

Tciss" or "thank^ou" or "I like you" in the latter contex^is something 
she does, apparently' quite^ readily.. If one follows the line of 
- ..thinking still further, it» costl Lisa effort to cdmmunicate, and the 

returns should be great* if we ejjpect her to make the inv^tment. 
\^Wijh a sufficiently friendly computer interface she codld turn on or 
V,.,. of fa TV at will, drive hej-^own wheelchair, select froqi and^. 

eventualiy create her own computer programs. Tlie addition of 
> efficient^ and satisfying comnjunicat^on to her life may ^have an 
avalanche of values. f ' 



fe\ input devi 



Two novel inpct devices for the computer can be employed in exciting and creative ways as 



ifidualT. 



adjuncts to or replacements.for otheif forms of therapy for* handicapped individuals. One 
is the ele^rcJmyometer (EMM) and the ocher is a speed^aoafyjufc* if 
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^' V /The' EMM provides accurate and continuous measurements of the electrical activity of a 
muscle or portion of a muscle. Properly used, it has helped patients learn \<i reduce ^ 
muscular tennbn, coiitii^l the processes lea^>ing to migraine headacbes,.vTeduce their blood 
pressure, and regulate circulation. Selective and sensitive response to the inputs from 
rnuUiple biosensors is a job that is impractical or impossible for a human monitor., but easy 
for a* computer. Clearly, the possibilities fof using computers as intelligent monitors here^ 
are very rich. Research has shown that even some patholog^icai CNS processes can be 
cpnsci6usly tontrolled. Thh g^ves u?s hope that severfely Wtor handicapped patients^ can 
4 4earn to contrdi their pathological motor patterns and r^gainXlse of limbs that had been 
-r functionaliyJost for yeafs.^-[Brudny(^et al.- 1974] The preliminary resuiu Kave^been very 
• encpuraging. With research and intelfigent processing of these signals, it may be possible to 
.use this kind of signaling as a voluntary input to the computer in a more random access ^ 
way than is currently seen in th^ myoelectric switches usej? with scan ning-tjrpe 'input devices. 

V;, (■ 

. \-- . ^ ■': 

r . Research grounded in the belief tKkt physficai^ and mental' skills a/c highly similar ftas 
^ produced some observations that lead to a new understanding of the developn^nt ^lid 
facilkation of physical skills. [Austin 1974] For instance, people at the Logo Group have 
taught others to juggle without elther^iouching'^them or demonstrating the skill. The ^ 
notion that a. complex physical procedure such as juggling can be ^ecftaposed into srgaller ' 
e4sy-toHearnfVufr4)roc:edures and can be communicated verbally (intellectually) has a' 
message for (he habilitation of Lisa and children like her. Locating an object in space an<^ 
V ; ; gra'spir\g It is a comMex procedurer- We c^^n sec bai)i^ practicing^b^^"primllives" sub- 
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procettti^ which, combined properly, will lead to Reach-and-Gra$pi Whjit about a child 
like Lisa? Such a child gets Inadequate feedback either because she ciinnot practic^ well 

' (she cannot make ^bugh of a movement to get clear visual and proprioceptive information 
back) because so much extra^ous movemen^is occurring tlfiat it is too difficult ti* 
determine what part pf the feedback is signal an^ what part noise. Teachers who have a 
clear understanding of how physical skills are built up and who can provide accurate 
sensitive feedback may be able to help Lisa learn to Reach-and-Grasp much "khe way I 
ebuld learn to Juggle The fact th« !Reach-and-Grasp is not "natural" to her may be no 

*inore of/a hindrance thkn the fact that juggling is not natural to me. ^ ^ 

Although this U another application of the Hospital Model S the agenda is not ih the 
patient — ^ese goals are of ob|lou»ly gteat ^alue to a person %\xch as Lisa and are so 
intrinsically tied up with hej^oww experience of^autonomy- ^Jhatj it^ becomes ^^a to 

highly dependent dck others for almost all of her care. Even so, some of the. risks ^of thev 
Hospital !^odelN|ti/ apply ak^lt is worth- trying to avqid those risks. As liber^ing^ ah' 
experience as it is to gain new control of oneself^^^t must have eJen greater significaqj:^ to 
see iKat one can use this self-cdntrgl to have predi</table arid desired effects on one's 
enyironmenL In order for Lisa to communicate witlyth^cdmputer, she muit perform some 
voluntary act The EMM altowi^s to^opse sensitively among the acts that Lisa performs 

the optimal access to the computer and communication, and 

. ^. ■■ . . \ \ ■ ^- ^ " ■ • 

pracijfcei a r^UscUlar act that^iv*>?n,€fici^^ for her. Furthermore, it allows us to select a 




■ ■ ■ \- ■ ^ ■ - 

mujcular act which may not yet be capble of serving Lisa ii+ other ways. Thus, >ve are Rot 
sugar coating an exercise to malice it fun, but taking a^ enjoyable and ben^eficial activity 
aah adding to it,-for free; anobhetJXnefit. The philofcophical distinction.n believe, 1^ 
importanLj t • • ' 



Speech ana-lysis technology offers simiUr possibilities. There exist devides which are 
capable of learning to recognize Jhe user's Vocal productions (Avhatever they are) .and 
responding in a differeiU-way to each vocalizatiofT^^or^isaj consistrfTCf^wid repeata^i^^^ 
«le^both diffinVlt.- but not nearly so difficuU ai is clear arMulalion? Full ^d 
cornprehensible spekh is, at present, an unrealistic frustrating and[ prbbably discouraging 
goal for Lisa, but it seems quite likely that she can learn to produce enough distinct soyjnds 
to use for communication. If she had a device that could decode hir vocalizations and, 
more to the point was|always with her ^perhaps installec} in her wheelchair several 
beaefiu might 'be derived. The immediate belief it i;^ the new modality with which she can . 
■ control things - whether thjtt be moving her wheelchair 'or causing a voice-producing 
•device tasiy the words she had wanted to*ayjijth own mou|^: A secondary benefit 
^comes from'^he feeling ihzy her voice was adequsA to the task. If she •can make five 
distinct sounds, and c^ see, herself, that khe was successful at that,, she has tJie motivation 
of success to try for a^sixth sound. . — " . s 



" 3. Cominunicaiini with the Computer: ; 

, " ■ . ' ' ' ■■ - ■ / • . ' 

3JL PTinciples oi' Inputiing: v V; 

V . ' • . ^ , « , ' . ■ 

The computer II capable of recogrililng a ccrUin fixed Humbcr of sigjfiils. We may assign 
theje sWnaU ir^y partlcuUr iT>?ahlng we like. e^ .J^ttersi iiumbers and .pu^ctjijatlpn. or w>ole 
commands. It may hav* been taught to understand combinations of these symbols. For* 
examp^lc. if the basic signals stand for letters, the computer may have been taught also to 
uhderitind wordi. f o commuriicatc w^^ the computer. We must be able to^ sci>d U the basic 
signals It recognires, which mMst then be arranged/or us on a kipd ofWrifj. For itie most 
part; only two system*/ for arranging the >jrirts on the menu are in Use; arrangements in 
space and arrangements in time. ' - ' 

J. • - - • - 

3J.1 ArrangemmU in Space: ^ ' 

. ilfhe choices are laid out in some convenient array with one switch per item and the^ user 
•electythe itemi dirertly ^jy ictiva^np the appropri*je switch. t^^^ su^h ^ system.^ 

where the InformatlonVofieain sen«J includes numbers, letters and special symbols, spaces, 
ejd Each ct^ractef "hi^ iu own key ahd one aims and pre^. Automaiijc e|fyators u*« the 

' »me kind of input ^lyittm. 'Tht primary advan»gt it that ail "of the options are visible at 
once and the user, has "random access" to the choices, that is. he aJh get'^^ariy one as quickly 

^• and es^ly as any Gther Choice. The -requircirt^ts are that oijie-has enough roinnJsir all of 

tpti9ns to.be printed and that the user have the ability to aim with speed adequate to 

' ' \,.~. ■ ■ . ■■->':■■■ ' ■ ■■' ■ ' ■ 1; ■ - ■■ ■ \ 

. make the selection practical. . 
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, 342 Arrangements in Time: 




. Agalht-lhe. cN^ces ar^rlaid oqt in some convenient .array, but this time there i» only ont 
•wUch controlling all of th« cholcu.^ Thf switch ii (ailorfd to (hf abllltlfi of the user. Th« 



user miy sigriatby bumping the switch, e^., with his hand^br )yiee,,orij^y Wowing 'pn^it, or 
.. by making a vocal noise,' or by flicking it with his tongue or by letting an EMM rec^gnlie 
y> the iwilchii^gof hls^ eyebrow/^ome kind of Indicator (an irrbw o; ^ light) ntov^s pai[st each 
- option and cyclifS/Mck to thc^^nning when it has reached the end of. the list. The user 
dw:ides which op^on he^ants and waits until the indicator offers that particular option. 
Then^'the user, acti^tes the witch, selecting that option and sending Jt to the computer. 
\ Modifications of the basic idea can be made when needed. For example, if there arc very ^ 

many options, it is impractical to wait for all to cycle by - as is the case if we wanted'to 

. . ■ ' . V. ' 

make avallableNill of the letters in the alphabet and numbers and punctuation as well In 

situatipns like this, the options may be arrangtti in a two<iimensior]^1j^^ The indicator 

Ciser first to signal which row ther 

:les within th^i roW until 'the user] 



• (in this csfse, boxes)' cycles by the row$ allowing the 
desired character is^'in. (Fig 3.1) Then the indicator 



iends another signal irididi|ing^he desired: letter. tFi^.2) ^ 
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In these >lllu$tratiorwr tlhe order in which iheVtters weft arranged '^was sete^ted to mlflimue 
the waiting time for the letters used most frequently in drawing with the Lo^o computer 
language. - The Isirge lquare' to the right of the menu is a drawing screen and the triangular 
shape in«ide it is the '"turtle" that follows instructions^ to create a drawing It is currently 
facing up and would move in that direction if told to move FORWARDi, If can also turrv^ 
the RICHT or LEFT to fac»^n anothejr ditect^^^ We mustVtiell it how far to move 
VoRWARl| and'ljow much tjQ(tui^n. With all the letters and numbers available, the user 
vhas access to the^ntireJLpgo language. The system' that we used nrlbst offen with the 
severely physically handicapped children gave them a more limited choice on the menu, but 
in return, did hot require that they laboriously spell out each computer command. This was 
'^'mucli less flexible and eventually would have been to restrictive, but initiall|".produced a 
very nictTresponse-to-ef fort ratio. This kind of Scanning systenri/daes not require ainri as 

■ V , : ^. / . \ ■ ..^ ^ 

does the acrangement-in-space scheme, and'therefoVe has the advantage^ oX being* suitable 

1 ' ^ ^ ■ ■:■ ' -V j'' ' 

'fur a person who lacks fine motor control. The principle disadvantage*is that one does not 

' /'■''*'' , 

have random access to the choices, but must wait for the desijed choice to be presented. 



With^peech sound analysis, of colirse, the 'waiting pn be eh^gniir^ A computer that can 
recognize the spoken words of a user makes it possible for a tjser wfio ha^ any consistent 
speech to have random access* to the computer's vocabulary even though he might;have 
r ina^il^uate.motor control f<>r aiming. 
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32 Drawing with the Turl|€: ' 

I^f fore considering the responses of individual children, let us examine how a 'simpl^e^ " 
drawing of a house might be made. Figure 3.3 shows, the arrow pomting to FORWARD 
and the turtle has drawn the line. The distance, 3, has already been selected and the 
c6mmail|d«,FORWARt^ 3, appelkri at the bottom of the screen. The number 8 is then • 
selected and the command LEFT Is given. (Fig. 3.4) A^ain the complete command 2ippears 
at the bottom of the Kreen. The turtle "remembers" thcnide and the angle sefiaraiely $o 
chat one can conveniently draw without respecifyln|; the dimensions that rpnwiti the same. "'"^ 
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-:the turtle^s pen ^I^ DOUN- 

FORUflRD 3 



Thus; the icqucncc FORWARD, LEFT, FORWARD. LEFT now completes a triangle. 
Ideally/ wc would like to name it, but we do not have letters available, sd we ^AVE the> 

triangle as picture NUMBER 1 (Fig 35) In a similar manner, we draw and save a picture 

* ■ • -■ . / ■> 

of-a sqyarc. (Figs. 36. 37. 38)^Note that the angle had to'be^changed to a LEFT 6 and so 
that number had to be specified The turtle has ended up in the lower right hand corner 
of the square, but it would be more convenient if it ended at the top, since we wilj want to 

■ . ■ ■ /• ■ 

put the triangle at the top to make a roo:. / 
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9 



le LEFT 6. 



So in Fig. 3.9, we begin by turning the turtle LE^T 6. Then when we GETypicture 
NUMBER.2 (the square), it, too, is rotated dO degrees/to the leftand the turtle is now at the 
top. (Fig. 3.10) Simply GETting the triangle (Fig. 3.11) causes a bug! The triangle is 

i ■ . 

drawn exactly as it was when we saved it^HW the h^pe flips its lid. That can be f ioccd by 
turning the turtle LI;FT 2 (Fig. 3.12) between GETting the square and &ETting "the 
. triangle (Fig. SJ3). -> ' 
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e can move it without leaving a 



%y glvirig. the -turtle the DONX.pRAW! ^command.-^ 

J " » { ' . ■ ' - . . , 

trace. It picks iU.pen up before changing position aVld does not draw^ line. (Fig. 3.14), ' 



1' 



> 





1 2 3 1^ 5 
FORUflRD 



r 



/, 



>LEFT 

-RfGHT* — . 

■ SAVE 
DRPflJ!(^ < 
p. DON'T^FJflU! 





4. Children Who^ia^c Worked wHh Logo 



We have had enough preliri^ary experiences with a ^^riety of children to feel confident 

\ 



i 

that we have'the right ideas and approach, if not yet the optimal implementation of them. 



We have worked With 9 cerebral palsied children of whom.one is deaf and two of whom 
have aphasic^languagi; disorcleH. We have worked With 7 deat children not including the 
one jyst mentioned, and 6 children diagnosed a^ autistic, including one who was also 
diagnc|sed as deaf. The following few illustrations^ describe only short experiments, for. 

indeed,\ve. have not yet had enough opportunity to work wi^h the children over an 

g 

extended period of time. Even so, thesfe sample^of our exper^nces should serve to expjaih 

* • 

our' entliUsiasm about prpceding witlj the -research. 



41 ^{isan — An Adolescent w^ Alietoid Cerebral Palsy: ^ ' 

. . I. V Susan i; 16 yesh^pld, j^idripli^ic and generally as^Umed to tie ' ; - 
V^^Clnrhil^^^^ Her speech is Ijmltedl but improving. She' does nrot 

\- use a communi^^h board. She can feed herself slowly and can 

• type^using her righi hand and a guarded keyboard. Her reading 

^^^^^ and arithmetic are bj)^ at the primary grade level. / 

Whe^ Susa^n first saw t^re'equipment on her ward, she wanted to try it out. Sh^^could not, 

at first, because there were already ;otli££^children working with it ahdt.ljecausVthc' 

••■ r / ^ : , ■■■■ • :^ ;■ vv. ^^) ; 

equi{^ent that wduld allow a^person with siich^vere physical disabilities^ to operate it 
adeqijjtely w^ not working pRoperly at the time. So Susan witched whenever she had the 
chance. AYhen she f inilfy did\ct th^ chan^ to control, the compViter, she had already seen 
the phYsi^lal f loof^'lfurtle move arpund and had heard little pieces of my explanation about 
how to move it. had no adequate guird for the typewriter a^^jp arrange^a sicanning 



iputir 
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system Similar to the one describ^ above to. help her 



V). 

jnicate with the computer. At 



that lime, we had no TV graphics display and so we had to Use a m^h 



^hanieal scanner. . The 



ihstructior^s tovihe turtle were written in one column on apiece of paper and the numbers 
(from 1 to 9 were^-written in another column. This paper was inserted in a flatbed plotter so 
that the plotter could point sequentially at the items in one column, scanning frpm.the top 
to the bottom and then beginning back at the top again. When Susan wanted to fefid a 
particular instruction to the turtle, she had to wait.for the plotter to point to that imtry<ftionA 
and then hit any key on the teletype. \ If she w^ted the turtle to go forward a different 
distance (or to turn througj^ a different angle) than it did befpre. she had to first select a ^ ^ 



nuinbet^ a^tKer^give the command. To select a nulfrtJer. she would wait fW the command 



^NUMBERS, select that, jind the pointer on the plotter would then slide over to a different 
column whiiiJMid only numbers in iL .Ajft^rs-she had chosen a number, th? pom^er on the 
splatter would autbmat^dally go back to the command coluiroh to allow Susan to choose what 



action the numbers would be applied to. 



Offef^ the choice" of making the turtle draw for her or using it to knock down a tower. , 
she choje to draw. I had been told that Susan could not j-e^tTHlje, particular words' that 



^ were' on the list of^m^fi^s;*nd so, at first. I read each command as the p'pinter pointed 
VjolL I was no«5 thinking much about what the turSle was drawing and assumed that h^P. '-^ 



Inltiarplay was essentially without a plan. Having chosen the largest number for bokh the 
turtle's distance forward-arrr^^ the turtle's t#rn tp the right.'Susan made-three lines -- ^ line 



followed y/ a very sharp turn to th^/^lght'and another line, a very sharp turn to the left 
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SKid a third line. I t^mr^ had caused the(^urtle to draw an N, Susan's last * 

name initial. .She sce?ffW very pleasW and moved the turtle far off to the left of the N. 
^^\£t^er selecting a smaller ni^eT^ shorten the distance (Kat the turtle would go forward , 



each timc^, she began drawfng aj[ain. At first/I thought she was ^oing to make a smaller N, 
because srmleft the angle the same. She made an N-like design and then diminished the 
angle that the turtte^ould turn. S.ystematically, she made short lines atid gentle turns, first 
to* the left and then later tiK^ej;ight to draw an S. Her initials - SNf Total time from her 
allied inability to re^d the commahds to the completi6n of her surely planned and very 



•/ 

/ 

/ 
/ 



non-trivial task: about 30 minutes. 



42 "Aren't^ou happy at me! 




A Disturbed Five Ye, 




Nancy is 5 years old with original diagi^Jses that include early ^ 
childhood autism. Although that dia^osis is now in question, hec^^ 
behavior and communication aK quite clearly very disturbed. At\ > 
times she-ffjiypears lost in a worldW her own and>he sometimes talks 
to object?; or people in that world. When s'he speaks, her wording is 
of ten^ idiosyncratic and her inflection stereotyped. When she entered 
the unfamiliar surroundings of ^r laboratory, she was clutching 
onto her teacher with her left hand and pinching her eyes shut with 
her right. . > ' 



I sh^awcd Nancy the TV^turtle. Since Nancy is .a very young child and a non-ireader and 

he would do best with the "slot-machine" ^ 



sinc^ her handicap was not physicaO^ thought she would 

device. Each instruction js shown iJ ideographic symbolrsjn a plastic card^ which 



^ " / cards, she could press a'^butt^ and>aUtof theJnstructrons would-b^ run. She placed with\, ^ 



' ;*tnis for a ffiwVj^iipytes twit^showed, no pw-tic(ilar (i^t'erest ih jt./With a felt-tip pc!n. I drev 



rew a * 
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; Since Kcr 
,4 ■" i; .- ' . arrlaftput 

J* , sh<^couW*i|isert- in a Slot in^he jjweh'lne. When she has assemtrldJ a s^qo«nce of such \ J 
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K simple house on the TV screen, to suggest something s|ip might like to draw. Apparently, it 

suggested the use of the pen only, and ^ ihe drew her own symbols on the |Cards, and 
^ -^occasionally on o^^r pieces of equipment. 

But drawings on a screen are not touchable, and the connection between a card and its-* ^ 
effect is not imn>ediatp or transparent since one ffiust wait for a whole sequence of cards 
before starting a program. Conjecturing that the whole process w,as too distant and 
symbolic for her at that time, I showe^ her the floor turtle and placed a. teletype on ^ 
floor right next to the turtle so that she and the turrtle could "live in the s^me world * To ^ f 
control the 'turtle, alfshe Md to do was prfss F for forward, R for^right turn, L for left 
^ . turn. T 'for toot, euL She knew her letters an^/I naiv||y did not aislime any need tcy label 

the special keys. She was interested but had difficulty keeping track of the keys that 
produced an effect. I put stickers on elch special* key. Each sticker showed only the same 
liter as the key it covered; but the'whit^ sticker with a red letter on it was enough do dr?iw 
' V ' H Nancy's attention away from the other xeys. She still played with other-button^, but now : 

appearing to do spxrather deliberately. She would press F several ttrries, looking at the ^ 
turtle, and then would press (unlabeled and functionless) M once or twice, again looking 

r , ^ 

closely at the turtle. After awhile of active and vfery^.clearly interested play (and some 
1 enthusiastic coinmehts)./$he rtiWe a label for th4 M button just like the labels I had made 




for the other special ke^. She then tried playing^ with the various labeled buttons again. 
Her attempt to give M a function was so very clear. The experiment gave her a great deal 
information that my previous, explanations had failed to convey - she stopped most of 
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her playingywlth* unlabeled buttons and restricted her activities to the ones she knew had an 

effcjj;. ItWas also clear that she could' cause actions that she hked by pressing the right 

' buttons. As she gave the turtle commands to come and(^o^d toot, I narratec^ the 

imaginary script vr- "you>arc making that turtle cofne to you/^he directed th;2 turtle to^ 

knpcK over 4 tower of small wooden bJockV, to cc/ifie to her and '*^run away" from her an^ 

even to "talk" (toot) to her, at her command. (The descriptions of the turtle's behavior, that 

is, ""running away" or^"talking" were usually initiated by me, but she seemed to enjoy my 

chatter and occasionally picked up on it hers^elf.) SA< was communicating her own ideas to 

^ that turtU and she could see consistent and clear responses tocher communications. This power 

■* !> 

- was real; she could ^ee it! Her interest and involvement were easily apparent to me and 



her teachers, as she became ^nore active and w^s more in control, ^>oth of hersel^ and of t\e' 
turtle than she hati been eirlier. She also said, several times, "I'm so happy at that turtle. 
That turtlelWens to me: Aren't you happy at me!" , J 



♦4 J^^y'^*^*"^ Words^^ , ' ^ 



^ > ^ 5 Joey is 12 years old. He is diagnosed as autistic and "proSably deaf." 

. * It IS reported that he has never spoken, but he makes certain sounds 

- repetitively at tin\es. He does not respond to sudden loud soundj; 
but then neither does he respond to cuts, scrapes and bruises, even 
^ * 6hes that can be assumed to be fairly paljiful. He does not have the 

• common autistic hand or face mann-erisms, nor does he "look 
* : through" people as autistic children are famous for, but he does tend 

' ignore personal contact and withdraw from others. Some people 

* : ' ; working w*th him guess him to be bright, though nobody is in a 



tb say how bright. 

When f yy^nked with Jpey, I occasionally signed .to hirt) despite the lack of an7 evidence that 
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he underst^ sign language or was ev«n watching me. I was abo constantly narrating 
everything>lh*^was thinking for the benefit of his teacher who was sitjing aea/by ,and to ^ 
help make our videoup^ docym^ntation a little more intelligible than it would hav€ been ^ 
without a ^ound'track. We began by working with the floor turtle, Joey had pushed the 
keys on the teletype for a short while, long enough to see that the turtle could be controlled 
that way, and then /stretched but on ilfelloor near the turtk,: lea\\i^g me at*'the teletype anf& t 
resting his f^et against ^y knees. Hi* interactions with the turtle ^ere now physical and'> 

' direct. He made it draw by pushing it around with his hands. When, shortjy, the pen feU, 

f /N 

Tl^/tin«ir 



out. he turned the tuiile/upside down carefully, and ilipdiW the inside. Di^/ing this time he 



X did not push the turthjjiiroupd. but tried repeaJSf^^ |5*r» back irit9 its fla^^ 

presumably so that he could continue tcj^^tfraw. oAcq. He in getting it to stay in 

' ^ for a few seconds and immediately began pushing the/tUrtle. When the pen fell out again. 

;^^e stdppeid pushing and tried to reseat the pen. Anithci^t^^ he seated the pen securely. 

1 



• i, ' but not in contact with the f lopr when the turtle was right sid6 up. He did hot push the 
^ ,i turtle then. and\eemed for a momfent to have given up. but after a \yhile he tried agaiji to 



adjust the pen. It was very Iflear what-his irUentions were and that he was willing to spend 

i ::. . ■ ' 

time and effort, to realiie them. It took him almost ytn minutes of careful aryd repeated and 

mostly unrewarded effort before I offered to help. He held the turtle up for me. while I 

adjusted the pen. When the pen ^as finally in. Joey began pushing the turtle in circles. I 

said "I wonder what happens if I^pick the pen up* and. from the^ke)^qard> I w^hdrew the 

pen from the floor", Joey^seemed not toWice at first, and h^mented for the video-tape. • 

. , "He didn't notice...he didn't notice." Joey aid "Downr and repeated the word several times^ 

- ; 51- 
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until I made the pen go down. He did not^Jjush the turtle i^til I got the pen back down, at 

which time he became quiet for.a mome/it land then spoke again. The words were muddier 

■ ■ ' ■, ^ 

this time, but sounded very mOth like "Thank yot»>" Joey spoke his first words on videotape 

>■ - 

and then went silently back to pushmg the turtle. 

' \ ■ " ' ' ^. 

What seems most impressive is the possibility that the turtle might serve as a useful 
intermediary between Joey and a therapist or teacher. Joey can relate to that machme, and 
it is a relationship that can be shared with another peHon, as indeed --happened in thi^s 
example; U;is also a rel^ionship that can change and grow with Joey, sinccf the computer's 
use. and/ behavior can be determined entirely by Joey and hw teacher. . » 



J 



4.4 An Aiitistic Boy ~ When is Perseveration not Perseveration? 

Kevin is 11 years old! He is also diagnosed as autistic. He is clearly 
quite bright, and his arithmetic and spatial perception are both 
ij^ ;. excellent as is his reading. Although his^ speech is often 

communicative, it is unmistakably the stereotyped and formal speech . 
. so often noted in autistic adolescents. It is not always possible to 
' make Kevin "hear" what has been said to him. His behavior shows 
' ^ the rigidity and perseveration characteristic of autism and his 

attention span is described as short. 

One cause of per'severative behavior is fear of new choices, comfort that the current 

behavior is understood and safe. It was not obvious that this was the principle cause of 

Kevin's perseveration (as it very oftpn is' among mentally retarded adults), but it seemed to 

be so. For Kevin, the computer dff^rcd chances to. 'per^verate ^without being bored ^or 

behaving inappropriately.; Importantly, it also offered the opportunity to phay with new 
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behaviors in a context that was relatively safe. The activity we began with was. an aim-the- 
arrow game on ^ TV screen. There was a small bullseye in the center of the screen, and 
* somewhere on lhe screen an "Srrow pqinted in some random direction Ke/m would 
command the arrow to point right or left and, once it was aimed at the target, would tell it 
what distance to shoot If his aim wai correct and he estimated the rl^ht di^ta.nce, a bell 
Vfould ring and he would ^or^ a point. He had to specify angle changes in degrees right 

iii^ Icf t', and the 5^^tance jo shoot was measured in hundredths of an inch. He had had no 

% ' . \ ^ . , ' ' 

gcometfy training before, and did not know any angles* measures and did not seem to 

' . ^' 

understand angle. measurement well. Thus/ when he gave turning instructions to tbe^^arrow, 
he was pcrscvcrative and tend^Uo use oHIy large numbers that^nded with 5, like ^165 and 
155 which were his favorites. In fact, that did not matter, since enough of them did tend to 
aim the. turtle and he had the patience dt\^ interest to repeat the commarftls many times. 
When the turtle was very well aimed, he would stop turnmg and shoot. This was not the 
only way hc^owed that his obviously perseverative behavior was nevertheless mindful of 
a goal. On occasion his teacher and I would show him new angles to try, like 45, 90 and 
180. He tried some of them but for a long time he would return to 165 m some other angle 



aftc/ward. The only time that he would consistently use an angle that was not in the mid 
hyhdreds and ending with 5 was when :he aim was very close but not quite on target. He 
could then be convinced (but never at other times) ta try a small number ^e Ml (his age). 
His use of his speciai numbers was less^appropriate for estimates of distance, since each 
tim^ he shot, the arrow was placed »n a new place. He could see tlfat some ssn^.plt? changes 
" in his behVvlor' (the distance he chose, for example) would pri^duce a desired effect (hitting 
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Che target more often). He began using a ruler to measure the distance to shoot the arrow 
rather than guessing the distances all the time. Over the course of ^proximately an hour 
and a quartgr of enthusiastic playing, he became more and more (^eUbefate jn his use df 
angle as well as in his distance Judgment, and he built up a.co^siiier^1)le score. 

•45 Thomas — Maps and Phone Books: / ^ ^ 

Thomas is nine years old and autistic. He attends a special class along with six other 
« autistic or auitistic-like children. His teacher describes him; 

■■ ' i - ■ 

At the beginning of each morning, the group is situated around a 
table as we begin the group language lesson. Tom...[has] no idea of 
^ what IS happening around [him].\ Tom responds only when called 

upon and in most instances [only after I prompt with] two or thjree • 
• repetitions 6^^jiife,4^tTeCh response.... Tom screens out ever'ytHii[ig, 

interacting only upon^?t]H«t and withdrawing back in'*hjs own 
world. [Hel. hai-^ e^emel^Short attention span and is able to 
answer Wf. of the ti^r^e^rrectly after being cued several timcs.'*;^- , , 

Communication is extremely difficult. For example, when ^rammy 
hasTeached his primary frustration level he purses his lips together 
and will pinch your arm. Peak frustration level involves crying and 
pinching, both of which subside almost as quickly as they-came 
when interaction IS halted. . , 

His academic ability is beyond hi?appaTent use for it: he is reported to flip quickly 

through the TV Guide and have read and memorized all the TV specials and movies fibr^,^y^ 

the week.. He also remembers details o: car trips and map directions phenomenalfy welb^^^'jj^^ 

His special interests are hand calculators and telephone books! 



He was brought to the Logo Group ^ith two other children from his class. Our irueritlofi 



was to have the physical floor-turtle ready, as its physical presepce ag(d Val movement 
seemetf more easily perceivable and less abstract than the screen Wawings. but problems 
prevented Its use! We had ftlready $^ap some drawin|(.^p^^K^ chjidreh to 

make lines on the screen regardless of wh^t>eys they pressed on the teletypes. Indeed, 
TommM^ "ot seem at all interested in the scheen, but after just randomly (?) ptessing a 
few keys, he began to type seriously. As he typed each letter, he would say the letter in a 
tense, strangely mechanically intoned voice. 

METHUENMALL MACDONLADS BURGERMNG SEARS 
/I am not familiar with Methuen Mall, and'therefore do not know if those stores were from 
that shopping center or npt. It didn't matter. He repeated the typing and spelling ov6r and 
over, cleaVfc the line if he made a typing tfnistake and repeating the same spelling errors. 
He never once^tonounced any of the words he had typed, but he said every letter. Jhe 
computer,.i«^nt down. I raced off to restore it. When I returned, a tocher who 
accompanied the children down was trying to attract him back to the computer, but Tommy 
was heavily into a telephone book. "Ignoring" Tommy. I sat down at the computer and 
typed ^ETHUENMALL. I read the word out loud and wondered audibly what word 
should follow it. Tommy left the telephone book oppn on the floor and sat on my lap. 
grabbed my hands, placed them on hi.<; stomach and continued the'^typing. again saying 
each letter as he typed it. I^egan to recite the letters along with him. At first. I used "my 
own" voice, saying each letter with the slightly rising inflection that I normally use when 
listing things. My syllables were short, apd each beg^n louder thap it enc*ed. He continued 
his chant, each letter drawn out on one pitch, at one intensity, unchanged and unchanging. 
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H decided to try the dron* myself. When I copied his chant exactly, he reduced the tension 

in his voice. His syllables became shorter without being clipped, he dropped' the intensity 

during the vowel, and allowed his pitch tqt drop,, tSo.' Yf I stopped sffeaking with him, he 
■ . ' ■ rt^ ^ 

vi^ould go back to the mechaniflfrdrone. But if I continued to spell with him, using" my own 

voice at this time, he would spell several letters in a clearly normal voice - one I had never 

heard him use! He wuld return \o the drone after a few letters, and, agam, would suy 

droninglL£N^l persisted infusing my voice p^dtherwise did not drone with him: At one lime,^ 

during. BURGERKANG, he said the A with a verys^questioning voice, I said "I?" and he 

cleared the line and typed the correct spelling. He got up, went over to the phone book. 

"^looked at it without touching it, returned to my lap and correctly spelled MCDONALDS. 

The phortc book had been open to that pa^ezlH along. Frequently, \^n he finished a 

word, he \yould flutter his hands in front ofhfseyes} H€ seemed at these times. If 

I tried to copy that he would grab my hands and pj^fce them on his stomach again. Much 

of the time, he would rest his cheeic against mine and occasionally, with apparent 

excitement, took my hands ancTmade them squeeze our two heads together gently^ In what 

ways was the computer better for him than an electric typewn^pr I *u , >'.iryially asked 

myself, since he was not making any use of the drawing or other features: ^t he showed 

^Jtt;^jswer himself as he learned '^w^clear the screen to hide all of his past work 



get rid o^any mistakes he^made. 

{ • # 
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4.6 Annett^.a Fri^ened Girl: 

V 



\ 



Annette is 14. She ii a pretty child with an engaging smile^^right 
eyes and no^visible handicap. She has severe language and 
moderate learaing disatNilities including weaknesses .in space 
.perception, some apraxiVs^ and astere'og^osls (poor tactile 
yiisorimlnation and/or ^recognition). She can match pictures of ^ 
00 je'Ctl 4nd' reads at about a first gracle level, though with^somev^ 
m«irked syntactic weakner>ses (as measu^^ by arranging, printed \ ^ 
words into a sentence). Her speech is^yery limited, both in Extent v'; ^ 
and in^'clarityjc I have not yet he^rd her say more than two words in j 
a single Utterance. Yet, she enjoys signing aq^d- seems greatly to 
prefer it to speaking. Her record stages that in a test situation that 
required her to respond verbally, she became frustrated and was 
twice near tears, but wherTin another testing situation it was not 
necessary for her to talk, "she smiled a lot arfd really app^red to 
enjoy herself .'"^^She can add on her Tlffgers and: was learrlifig the 
ord^ei^of the alphabet the first time l met her. Though her 
diagnoses have included behavior disturbances and mental 
' retardation secondary to brain 4^mage, her language processing is so 
weak that it -is difficult to be certain about the extent of )her 
potential. 

■ • { 

Unlike the other children foK^whpm there is a relatively circumscribed handicap that the 
computer bypasses or ignores, Annette goes slowly with everytJiing. "Ttiy^ost pressing 
problei^s, b^)wever, seem to be her disability with language and her low^image of herself as 
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a learner and we can deal directly with those. We must bypass tjie^anguage problem 
much the way that we do with the autistic or^ deaf child by presenting the minimum 
language needed for the project desired. For Annette, pictures or ideograms might be 
better than letters, Respite her ability to read, to minimize the threat that comelt wjth 
anything academic. Working with her was difficult, as she is vei^-^H^lTterf&d^^^ 
tlQigs. "^She and I personally get along nicely, but slje could not get near the computer 
without another girl, Linda, along. Linda acted as a kind of prostietic for Annette, actually 
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doibg tHi?'><j(ping vyVite Annelte,vTc^biti<^di The pairihg vyas csp^iaTTy intriguing since 
Linda has a physical handjicap but is less academic|I1y retarded tH^r^ Annette. I attempted 
to continue working^wi^ |\nnette in this way, with a friend, but she was brought alone to 
the nel^^ssion and would not trv^anythin^g, apparently fearipg some kind of ,a test was 
involvjcii^Just^s. toulcymteractlWith me only^lfhrough the machine,, Annette seems t6. 



be able to interact with the\machine or^ly through a friend.^^^ll, the interaction was rea^. ^ 
She* was designing the,ex|Ser^ments to try and watching the results eagerlyf two behaviors 
that are unusual for Annette and reveal aspetts of her m|^d^that are otherwise vefy m^^h 
hiidden. 

'it'- 

"Mental ret^j^ation" it a term which refers, vaguely, to a low level of functioning. The 
notion iha^it is a unitary condition, "the cause" of the low level of ^functioning, is wrong, 
^plains nolhing, and irttpedes progress in the education of the mentally retarded. 1^ would 
be delightful to disorVer Annette's handicap is due to nothing more than the 
combination of severe languag^hjindicaps and associated severe emotional problems. This 
would give us abetter iclea of how to treat her, but even if we cannot get a more detailed 
or accurate picture than that provided by the diagnosy of MR, we need not be 
disappointed. Net problem, as opposed to our problem with her, (and this really applies to 

■ \ 

every one of. the children I've described as well as every child and adult I have not 
described) is having a rich and interesting and esteemable life. That m^^^rtainly be 
enhanced by seeing oneself as a communicator and an effector. " ^ 
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The communication, difficulties that donxiy (section 1.4), Jay-^^ction C3), and Susan , had 
were ^rimarily^ neurorriijiscular. They Ml had language and commj^nicated. t'Ti^ attended, 
understood what others^said, and spoke or typed their ideas Nancy, Joey, Kevjn and 
Annette have severe language handicaps. For Joey, tio^orm of communication currently 
works and all fOur have great difficulties^ communicating, focusing *their attention and ., 
cbntroling themselves or their environments. If we^ii'cii^.^lp them to commuhicate with 

f . ■ . ■ ) . ■ / 

^hc computer — ^nd via the computer, the world — \^ must take these (i^oblems into, 
account ^ An input device "directly sensitive* to the child's proxi^mity w^u13^^cjliltate initial 
contacts: ' With such a theremin-like input device, approach apj^ avoiclan^^ith no, other 
deliberate action, can cause an effect The output device must al^o be easy |o^iatt€^nd to 
peripherally. A 36 square foot c6lor TV screen on which one can draw in fulf color allows., 
a very large effect for a very small effort the chiid becomes more intere:sULpd |n; 
whatever output device U used (i^obot tu?tle, colpr TV, music box), the inpyt devioej^ust oftV 



, r' 



modified to allow greaUJr flexibility. It must become less sensitive to the child's %xd%s . 

^ , . ...... . . . 

movements and allow deliberate choices while the child stays near or sin contjjict \Mith it 
The gradual narrowing of the window through which the child cpmmunieates involves a ^ 
^kind of behavior^haping, but without the having the sense of jjfogTtU^mji^g; controlling 
thejshijd. Whatever communicative efforts the c|iild makes throu^h^^out- this entire proces^ 
occur only at his own discretion and express only lyhat he chooses, ^^oth t^e regulJrizatib? 
of/ communication (t|je machine responds very breoteiaWy) and the lacrfSpf <^^jghf£^ (the 
lachine never even seems to want something from the child), nfay'nelp the cljild learn how 
to c^miinicate more freely. ^ ' ' | ' , 
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theW uevents is greatly increa^sej^ by the ^act that (J?i-yVintellectual 
potential had previously been assumed to^bt., extremely low. Jay*s 
^pcrlcncc vj^ith the computer dfrtjonstratcd for the first time a high 
Invel of analytic and of spatial ability. Ifideed, some puzzhng . 
problems for developmental psychology are raised by the fact that a 
person who had never manipjulated objects or drawings could 
perform so well^a task requiring quite-^ophist^ca^ted spatial 
rjeasoning. The case study was conducted in a very informal 
exploratory spirit but nevertheless makes it quite obvioi|*ahat m.ore 
^Work in thi| direction could be extremely interesting fbf^eoretical 
psychology besides being of more immediate practical value from an 
educati(^nal and humanitarian point of view. / ^ 

The Promise 

JayVa^chievemencs after [a short 'time were already significant].... * 
But the image we want to create here of the possible value of access 
the computer is qualitatively very muc|i more than even this. To 
develop it we have to ask ^he reader to grant that if Jay couldf learn 
any significant piece of programmifig skill in a (ew days (a|pd^on ^ 
our first presumably clurvsy attempt at teaching someone liki him) 
then he could come to a high enough degree pf proficj^ncy in the 
course of a few years to be employed a^ professional programmer. 
Naturally, this suggestion raises many questions^about the broader ^ 
education Jie might need , to operate effectiv^y as a cmnputer .(oi( 
other) professional and the material conditions which wduld make m 
possible for a person with his dis|^irities to interact with a porkg 
rid. We*claim, that our pi^esent s^te of knowledge makes th^e aj| 

ro'^ 

within a 




S^nelY; resVarchable quesiions/to which one can expect^*^th 
S^SwIe confidence to have afieptable" and demonstrated solution^ 



/ 



y^rs. JGoldcrtbei 



Kfptat 

and>ipert 1976] 




T 



61 




■■■A 



Computer as Proitheiis 



Goldenberg 



Sul What Needs tp hej Done: 
Following are three specific areas in which jlork is nee 



.5 



Sll Equipment Development: ^ 
In the past several year?, a variety of ele^ronicxommunicators have. apj^w^red^CLuster and 
Vandcrhcidcn 1974] Responsible developers who have stress^ the service component /Of 
their work have cared not only about the conceptual furtgtion oT the devices, but also with* 
th^^5iturdiness. reliabill||y, maintain;ibility, ease of uie and attractiveness of the 
commun^ators. The ideas was* to provide a person such as Jay with a cpmmunication 
system which can be inslalled.an its entirety, in his wheelchair, t^e his property and stay 

...... ; 

With him, vjust as his eyeglasses do. It v;as also deemed impbrtant that the user be able to 
iase the aid flexibly in recreational, educational and vocational settings. Only with the 
recent availability of inexpensive, pow^erful, 5ma// computers could some of these goals be 
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realized. Smart communication devices can anticipate the user's needs while makmg good ^ 
use of the^user's capabilities. The flexibility to have er-varrable choices on a direct-access 
lap-tray is part of the Autocom (Vanderheiden) and the TIC (Foulds) rtiajces^use of English 

•" . ^ r ■ ' ■ . 

brthographic sjtatistics to abridge the time needed to spell a word); B^t tlie microcomputer 
makes possibiritiqU'open up which were not even conceivable before. The ultimate 
communication device should provide capabilities for speech and graphics and mLsic and 

locomotion in addition to the p^uctioh of voice or text. If it is to be therapeutically, 

* ' » " ' *•■•"'* 

sound, it m*ust make use of the persor^s strengths in such a way as to increase his 

^ ' ' •■ ^ ' . -"^ " 

Independence. Recall, fo/ a particular example/ the therapeutic use of the s(>oken word 
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recognizer. (See section 223) Also, the fact that a corpputer can make communication not f 
merely possible, but quite practical offt?rs the motivation to expand that communication 

beyond thi^ expression of physical or work-related needs. It shoi^ld be pointed out Via t the 

) 

technology necessary to implement this dream is all currently available, though not yety 
assembled and utilized in the optimal way. Thu^ this dream does no( depend 6n some 
future development whose tiai^tj^ble is as ff^^kifxown. The equipment development 
program would-be dependent tfn the goals and findings of siich research as is described 
below and would stress the building of an optimal device rather thanrthe adapting of some 
device that had originated for some other purpose. 

SJL2 Research and DevelBb.pnient in Psychology and Pedagogy: 



Cumcula that currently ;^l^have what mighti)ei!cai1led cultural biases against people like 
>Jay: They tacitly as^Jme a very large set^of experiences that Jay has not had. If we try to 




teach him without being sensitive"t<^this fact, we may misinterpret his failures as indicators 
of his potential* rather than indicators of his readiness. The fact that this kind of error can 
be made is illustrated well by Jay. Because Jay was able to type, and bg^use he stilh 



showed very limited intellectual performance,\some of the people working\wtth him. 



considered it safe to accept mental retardation as part of his diagnpisis. If any paft of the 



iderod^it safe to accept mental retardation 
ial child's difficulties^ivith math comes ?r< 



norihial child's difficulties^ivith math .comes from his view of it as a' useless exercise, how 
much more true that miJst be for someone whose major life issues have always been trying 
to communicate where you^urt or when to turn on the^V. Though it comes as no 
surprise that there are children whose intellectual potential rer^ains largely undiscovered, 

^ ' 63 



mch child that wt work with makei It/paThfully clearer thgfi th\i number of children whoi« 



mental life haj^bccn written off may be vastly greater than the mo$t optimistic of ui hkve, 
ever guessed. 

Rticarch must also be directed toward understanding where some of Jay's surprising 
abilities come from. Jay's sensitivity to arfgrrtJand dimension (though he has never 

' . . ^ 

physically manipulated these variabj|es) needs more study. We nei&d clearer pictures not only 
of what IS lacking in the handicapped child's mental map of the world, but of what is 
present. Research in th^^irit o( Piaget and without our cultural biases is certainly needed. 

Some specific experiments in education and habilitation must be tried. A child's progress 
in breath control may be a clear milestone to a trained speech therapist and still go totally 
undetected by the child who hopes to learn lo speak. The spoken word recognizer may 
provide a tool by which the chHd can gain feedback and put his vocal efforts to use. The 
pleasure in cpntroUand the confidence that progress is possible — not to mention the 
cofistant practice that are an expectable consequence of that pleasure and confidence 
should vastly inc/case the success of the therapy.Slxperiments to verify this con jecture-^re 
ne^rfed. - . \ 

- i . 

5J.3 Expenments in vocational training: 

Thought must be given both to the kinds of j(^b$ that would be suitable for a person like 
Jay or Liia. Co'niideratlon muit be given notK)rily to the phyiical manageability of the job, 
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but to th«(perional satisfaction that one c?in gain from It. Occupations involving the 
manipiflalion of information and which do not require much pbyiical mokrility or 
manipulation come to mind. For e>j:ample, computer programming c^aVJ^e done at ones 
own home if mobility were a problem. Similarly, reference library work and manuscript 
editing can. when needed, be carried out remotely. But we cannot blindly assume that by. 
providing communication equipment alone, the remainder of educating th^ clients for 
their jobs ViH ^l^ow a normal course. As with other curricii^. we must realiiejhat the 
student*s real handicap is his rcWt(vHy diminished ability to adapt to our fai^in|> In 
< teaching and that we must therefore tailor both mode of presentation and actual content in 
reasonable ways.. This calls for a careful analysis of what knowledge and abilities are really 
necessary for particular job and must of course account for t^Je^non-normal background 
of the student. 

For example, pc^ri of people who might singly remain unemployable caii potentially be 
employed together in innovative ways. The physically h^lRlicappcd person who. despitc^tft^ 
aid of a computer still needs considerable physical aid apd care in order to interact 
successfully with his work environment may in some cases be^prgvided that aid by a 
reurded worker whose employability and social contacts would otherwise be limited to the 
sheltered workshop. Thoughtful efforts must bc^ade in developing an appropriate 
educatiX)nal program to help a retarded person assume such a role. ^ 
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, S.2 Clinical Use and Demonstration Centers: 
E)f)pfrimcnts 'in vitro' as described above have the technological flexibility and staffing to 
have the wildest dreaf^s gind make thern come true, but do not ha^e the variety of users 

(both students and teachers) that "in viviT experiments do. The latter offer more feedback 

* • . \ 

;Oh the clarity of the curriculum, the generality of its usefulness or interest, and the 

f ' 

suitability of the equipment. In addition, the different perspective of field useilw may 
furnish a wealth of ide>s that are not so readily gained in a laboratory setting The 

practical considerations of packaging an econdniical^j|^>&ically stable, and easily exportable 

V ' • ' . ^ 

^' systerfi for general use with severely handicapped children must be examinW closely, , and so 
it will be >^^|^|^<'^y ionr\ close working relationships witf)^treatment centers and schools 
such as CrotdWW Mountain Center. 
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NOTES 

1. Our experiences with wverely physically handicapped children raise such important 

questions as these; How actlvi must active be? How much of a child's experience must 
\qf physically active for him to create an internally active mental mode(? 

2. One such experience Is mentioned briefly in section 4 2 of thi> paprr and is recorded on 
, videocs^pe. The'Wler and Emanuel work Is also videotaped ' 

8. The children described are ^al. but rtames have been chajiged and identifying 
information has been changed or deleted. • 

4, It is interesting to note that the dominant philosophies regarding the use of sign 
* language in the education df deaf children hardly take ar*y note of the difficulties of 

Visual transmission of English, whose natural modSility, both historically and 
developmentally within each hearing person, is auditory. 

5, "Voluntary motor controf can be anv vqluntarily controllable and measurable efferent. 

and need not be a coordinated movement. 

6, An interesting case in point is sign language^ [Markowicz 1972, Woodward 1973] Despite 
\ ^ the continued predominance of strictly ofct'schools'for deaf children. ^which se^ms 

incredible, in the light of the research [Ve?non and Koh 1970. Vernon and Koh 1971]. 
there is an increasing number of schools which are beginning to allow, or. better yet, 
us€ sign language. A casual look at :he society of deaf adults telts us that signing is not 
merely an "interim way" for the child to communicate, and yet, for the most part, even 
the schools that most freejy accept signed communication tend to regard the language" 
ethnocentrically, treating it only as an auxiliary language, something which may be 
valued as a kind of teaching tool, but never esteemed along side of English Drvid M. 
Denton, Superintendent of the Maryland School for the Deaf, must certainly be 
considered one of the strongest and most conscientious supporters of total 
communication for deaf children. In an article supporting its use [Denton 1970], he 
quotes the definition of total communication: "By total communication is meant the 
RIGHT of a deaf child to learn to use all forms of communication available to develop 
language competence. This includes the full spectrum, child devised gestures, speech, 
formal signs, fingerspelling. speechr^jading. reading and writing." (my italics) Perhaps 
no special emphasis was intended v/hen 'language competence' was chosen instead of 
something like ''intellectual strength, the knowledge^/ self-worth and social fluency," but 
neither haVe I seen explicit acknowledgment that language is not an end. but a means 
(except among the radical fringe - I know of only one such who is a supporter of 
Ameslan [Fant 1974]). It is rare for sign to be taught deaf children with the same 
deliberate care and pride that characterizes the teaching of English to either hearing or 
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T Pprional communication from dUnton Hillurd, Director of Communication JK^rapy at 
Crotchcd Mountain Cfnter, Grcfnflfld, New Hampshire v 

8. 1 will often have occasion to use the word "prograrrt " The word alwayj juggeiti 
planning whether one refers to a remedial reading program or the technical sense of a 
computer program (procedure)rbu: I will uie it consistently WUh the non:technical 
meaning, suggesting the idea of a h^nguage arts program, a TV program, an after 
dinner program always like ap arrangement of events, a rrwrnu or perfonSar^ce and 
never like the work of a computer programmer That latter item a set of instructions 
to be followed by a machine oV a person - will be referred to consisterjtly as a 
. 'procedure (Indeed, a computer miglit "put on a program" just as a danct trckjpe mighty 
and each would execute one or more procedures to do so.) ' ; - ^ 

9 Wier and Emanuel [Wfer and Emanuel 1976] refer to the "passive pupil role"/and t,he 
"eimotionally committed role" of their autistic student, David. When David w*as being 
taught, when thle agenda was not his and the activities were not thorc^ghly within hii 
control, ^^e "acted autistic" and assumed the passive role. When he wa^the agent, .Jjhc, 
researchers observed increases m appropriate spontaneous speech, ^4fnpjovefn'enis In 
vocal tone, changes in body posture signifying interest and involvemem;'^and obvious 
pleasure. r ' "\ ^ 

10. Personal communication from Da.iiel Marshall at the Easter Seal Society iniManchester, 
New Hampshire. ; , . 
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